INTRODUCTION

2
Increases in training and volume are typically undertaken by athletes in an attempt to enhance 3 physical performance. High training loads (i.e. increased training volume and intensity) can place 4 significant stress on the athlete's cognitive and physiological systems and if not matched by 5 appropriate rest/recovery can lead to maladaptation, leading to increased fatigue and reduced 6 performance (30, 41) . When athletes require several days or weeks to recover physical performance, 7 they are diagnosed as being overreached (OR) (30) . Common symptoms reported with OR include 8 general fatigue, sleep disorders, decreased appetite, loss of body weight, anxiety, reduce motivation, 9 lack of concentration and variation of mood (18) . In severe cases of maladaptive training, known as 10 overtraining (OT), athletes may have reduced performance capacity either with or without these 11 clinical symptoms that remain for several months or years. This most severe form of training 12 maladaptation presents a serious threat for athletic performance and health. The currently accepted 13 method for diagnosing OR/OT is to monitor performance after completion of a resting period of 14 several days or weeks (18). Nevertheless, this method is frequently rejected by coaches and athletes
15
because it may endanger the training continuum and it could lead to potential detraining. It is therefore 16 important to identify early markers of OR/OT to limit the occurrence of these training maladaptation 17 forms in population at risk.
19
Many physiological variables have been recorded to detect OR and OT. One of the most 20 reported physiological measures in endurance athletes has been a right shift in the lactate curve (4, 16, 21 22, 28, 39, 44) . However, it has not been reported by all investigators (10, 26) . Similarly, decreased 22 nocturnal urinary catecholamine excretion has been associated with OT in endurance athletes and 23 interpreted as lowered intrinsic sympathetic activity (25, 29) . Nevertheless, a reduced intrinsic 24 sympathetic activity has not been observed in all studies investigating OR/OT (19, 44, 46) . A decrease 25 in the ratio between the hormones testosterone or free testosterone and cortisol has also been proposed 26 as a physiological marker of "anabolic-catabolic balance", a putative tool in the diagnosis of OT (1).
27
Again, not all studies have observed changes in these variables with OR/OT (25, 29, 43, 46) , and 28 therefore, they are not considered as a good independent measure of maladaptive training (18).
29
Finally, changes in heart rate (HR) at rest, and during both submaximal and maximal exercise have 30 been reported to be associated with OR in various sports (9, 10, 19, 22, 26, 39) . However, a recent 31 meta-analysis examining the effect of overload training on resting, submaximal and maximal exercise
32
HR and heart rate variability demonstrated that the small to moderate changes in these variables limits 
37
In that context, there has been increasing interest in the application of cognitive tests as early 38 warning measures of both OR and OT athletes (12, 13, 21, 31, 32) . Nederhof et al. (32) , reported that 39 executive functions can be influenced by training tolerance and suggested that alterations in these 40 functions may be an early indicator of maladaptive physical training. This hypothesis was 41 strengthened by three studies that reported small increases in response time and increased number of 42 mistakes in Stroop test at rest in OR and OT athletes (12, 13, 21) . It remained that large inter-
43
individual variability in the results of the cognitive tests limited their usefulness to assess a state of 44 OR, especially when used alone. Also, cognitive performances had been assessed at rest and not 45 during exercise, which could be a more suited measure to detect maladaptation in athletes.
47
In summary, investigations into early warning markers of OR / OT was still elusive and 48 idiosyncratic physiological, biomechanical and cognitive variables that could identify OR remained to 49 be found (18, 35, 45) . It led us to propose a multivariate approach to identify athletes at risk of 50 OR/OT. In order to test that hypothesis, we simultaneously monitored physiological, cognitive and 51 biomechanical parameters at rest and during exercise in athletes progressively driven to OR by a 52 prolonged period of overload training. We chose triathletes because they often undertake heavy loads 53 during training and therefore have been reported to be at risk of OR and OT.
55
Methods
57
Ethical approval
59
Twenty-four well-trained triathletes volunteered to participate in this study. All subjects had 60 competed in triathlons for at least 2 years and were training a minimum of 6 times per week. The 61 experimental design of the study was approved by the Ethical Committee of Saint-Germain-en-Laye 62 (acceptance no. 10054) and was done in accordance with the Declaration of Helsinki. Prior to 63 participation in the investigation, subjects underwent medical assessment. After comprehensive verbal 64 and written explanations of the study, all subjects gave their written informed consent.
66
The subjects were randomly assigned to either the experimental group (intensified training 67 (IT) group) or the control group (normal training group, NT) according to a matched group 68 experimental design based on maximal oxygen uptake ( O 2max ) and maximal aerobic speed (MAS).
69
Subjects' characteristics are presented in Table 1 .
71
Experimental protocol
73
The protocol is illustrated in Figure 1 . The investigation was conducted in September/October 74 at the end of the competitive triathlon season to ensure a high fitness level for all participants. The 75 training of each triathlete was monitored for a period of 7 weeks in total, which was divided into three 76 distinct phases. The two first phases were similar for both IT and NT groups. The first phase (I) braking durations (dBn). Impulses and forces were normalized to body weight (x 1000 for impulses).
154
Braking duration was normalised to support duration.
156
Kinematic measures. The movement acquisition system was a Vicon optoelectronic device
157
(Oxford, United Kingdom), which uses 12 T10 cameras (resolution: 1megapixels) to follow and 
162
Recordings from the force-platform and the video acquisition systems were synchronized.
163
Depending on the running speed, the triathletes ran between one and three times in this area. The data 164 collected were step length (Lxn) and width (Lyn), which were normalized to leg length and analyzed
165
using mean values for each running stage.
167
Cognitive performance.
169
During the maximal incremental running test, subjects had to respond to audio stimuli 189 the triathletes to initiate any decision process before they had heard the entire stimulus.
190
It is well established that perceived loudness depends on tone (15, 37) and duration (33, 34).
191
Single and double, high-and low-pitched tones amplitudes were adjusted in accordance to equal-
192
loudness contours (often referred to as Fletcher-Munson curves) so that they met the international
193
standard ISO 226 specifications (ISO 2012) . During the medical assessment, subjects underwent an
194
audiogram to ensure none of them had any hearing impairment.
195
The 30 stimuli were introduced in random order into a 90 s mp3 file and were separated with a 196 random duration such that two consecutive stimuli were interspaced by at least 500 ms. A different file
197
was played for each running stage so that it was not possible for the subject to learn the stimuli 198 arrangement inside a file.
199
Data were processed in OriginPro 8.1 (OriginLab, Northampton, MA) with a custom-written
200
script that returned, for each running stage, the percentage of false answers (excluded < 200 ms).
202
Questionnaires. The effect of the training regimen was also recorded through the assessment 203 of the perceived sensations of subjects. The subjects were tested at rest and during the maximal 204 incremental tests.
205
The Mindeval system was used to collect the data at rest (Mindeval GydleInc. Québec,
206
CANADA). It is comprised of a web interface with a database and a stand-alone application. In the
207
Pre-and -Post conditions, participants entered their personal key and answered questions within three 208 areas related to pain, tiredness, and well-being, using a visual analogic scale. The software records the 209 location of the indicator with a number ranging between 0 (no pain) and 100 (maximum pain). The 210 collected data was stored on a secured server. Before the initiation of the study, triathletes were 211 accustomed to the software, and the questions relative to their subjective sensations were thoroughly 212 explained.
213
The rating of perceived exertion (RPE) was measured verbally using the Borg scale (3) during 214 the maximal running test. This scale measures the subjective sensations accompanying the exercise.
215
The scale and its purpose were carefully explained to each triathlete before each incremental test. 
265
The first DA (DA1) was performed on all the tested subjects (NT, n-OR and OR groups: 24 266 subjects tested at 3 running intensities) using all the variables tested in the study (n = 21 Both the NT and OR groups were first submitted to the same initial 4 week training protocol
313
(phases I and II in Figure 1 ). As shown in Except dS (support duration) at LT (lactate threshold) (-11 ± 12 ms and 2 ± 6 ms, for OR and
345
NT groups, respectively, p = 0.01), no significant interaction effect was reported for all the 9 346 parameters investigated at three running speeds (p > 0.05) ( There was a significant difference in ΔGenRPE (general perceived exertion change) was 365 observed at exhaustion (+1.8 ± 1.4 and +0.1 ± 1.3, p = 0.02) between the OR and NT groups, however
366
there were no-statistical differences at low (+2.1 ± 3.1 and -0.4 ± 1.0, p = 0.05) and LT intensities 367 (+2.2 ± 2.4 and +0.1 ± 1.8, p = 0.08). The ΔMuscRPE (muscular perceived exertion change) was
368
significantly different between NT and OR groups at Low (+4.1 ± 3.2 and +0.0 ± 1.0, p < 0.01) and
369
LT intensities (+3.3 ± 2.2 and +0.8 ± 1.1, p = 0.02), but not at exhaustion (+3.3 ± 2.0 and +1.7 ± 1.4, p 370 = 0.10). Finally, the training load did not influence ΔVentRPE (ventilatory perceived exertion change)
371
for the three running intensities (p > 0.20).
373
Discriminant analyses
375
The DA1 was performed on all the tested subjects using all the variables tested in the study. It 
387
distinguished in a way unrelated to the way they were separated on function 1 (40). Using this analysis 388 87.5% of the NT, n-OR and OR subjects were classified in the correct group (Table 3) . With three 389 groups, 33.3% of correct predictions are possible with pure random assignment (24). In summary,
390
DA1 showed that we could discriminate the three groups of athletes using the variables measured.
392
The second DA (DA2) excluded the n-OR group using all the variables measured. 
455
Early detection of overreaching
457
The aim of this study was to identify specific marker(s) of OR in triathletes that could be used
458
prospectively to prevent endurance athletes from developing OT. The present results showed that a 459 combination of 8 physiological, cognitive and biomechanical parameters changes measured during an 460 incremental maximal running test successfully discriminated between OR and NT triathletes at 98.2%
461
(chance probability: 50% 
495
There was also a concomitant decline in submaximal and maximal heart rates along with the changes 496 in catecholamines. In contrast, others reported decreases in heart rate and/or (20) 
